Identifying cost-effective interventions to improve early literacy is vital to developing countries, given the importance of early literacy for an individual's future education outcomes and subsequent human capital formation. This paper presents the impact on early grade reading outcomes of two low-cost randomized interventions in Tonga: a reading instruction intervention and a community play-based activity intervention. The first intervention aims to improve early grade reading outcomes specifically; estimated impacts are approximately 0.3 standard deviation, although in some reading domains impacts are substantial, ranging from 0.6 to 0.7 standard deviation. The second intervention aims to improve school readiness and subsequently early grade reading outcomes, by providing communities with support to establish a community play-based activity. Using an instrumental variables approach, the play-based activity demonstrates positive impacts of around 0.2 standard deviation in many but not all reading domains. For the domains where a statistically significant impact is measured, the community play-based activity intervention is as at least as cost effective as the reading instruction intervention. The playbased activity intervention is shown to improve test scores by 0.21 to 0.47 standard deviation per US$100, depending on the reading test domain. The reading instruction intervention improves test scores by 0.08 to 0.34 standard deviation per US$100. These findings contribute further evidence on the effectiveness of reading instruction interventions, and possibly the first estimates of the impact of play grouptype interventions on primary school reading outcomes.
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Introduction
Early age reading skills are recognized as a crucial stepping stone for a child's future learning, cognitive development, and subsequent human capital formation. Literacy improves individual productivity in developing countries through many paths including diffusion of technology (Basu and Foster 1998; Rosenzweig 1995) . Research characterizes literacy as a necessary threshold for economic development (Azariadis and Drazen 1990) . Because gaps in reading skills develop early and tend to persist as children age (Butler et al. 1985) , early literacy is an important determinant of a child's future education outcomes including learning achievement, the likelihood of leaving school early, and transitioning to higher levels of education (Marteleto et al. 2008; Entwisle et al. 2005; Jimerson et al. 2000; Alexander et al. 1997) .
While developing countries have made tremendous progress increasing primary school participation since the establishment of the Education for All goals in 1990, attention has now focused on the quality of schooling. In many, learning outcomes are poor, especially in the lowest income countries. For example, the Programme d'analyse des systèmes éducatifs de la confemen (PASEC) 2014 student assessment found that on average 71.4 percent of 2 nd grade students and 57.3 percent of 5 th grade students are not proficient in literacy (PASEC 2015:36,50) . In addition, the OECD's Programme for International Student Assessment studies typically finds a high proportion of students in middle income countries are below minimum proficiency in reading (e.g.:
OECD 2014:194) . In the Pacific, early grade reading assessments in Tonga in 2009 and in Vanuatu in 2011 revealed that after three years of schooling, only 30 percent of students in Tonga and 25 percent of students in Vanuatu were able to read fluently for comprehension (World Bank 2012a , 2012b , 2012c . Identifying low cost interventions to improve early literacy is of high priority for developing countries.
Early literacy, however, is a skill that has to be learned by a child (Wolf 2007) . For learning to read in alphabetic languages, international research has identified the basic skills that children need to acquire (Linan-Thompson and Vaughn 2007; Sprenger and Charolles 2004; Chiappe et al. 2002;  see also: Gove and Cvelich 2011 and National Reading Panel 2000) . These include, among others, an understanding of the relationship between printed letters and sounds (Scarborough 2002) , the speed at which a child can read (Abadzi 2006) , and oral reading fluency (Fuchs et al., 2001 ).
Pedagogy, including instructional techniques of teachers, is an important determinant of how well children acquire reading skills in the early grades of school, but school readiness-the ability of children to learn in a primary school setting-also plays a crucial role (Sandraluz et al. 2004; Brooks-Gunn et al 2007) . The effectiveness for future education outcomes of early child interventions that improve health, early stimulation and social-emotional development is well documented (for reviews: Nadeau et al. 2010; Vegas et al. 2010; Magnuson 2007; Nores and Barnett 2010) . Successfully learning in a school environment depends on various behaviors and abilities which can be learned and developed (Bowman, Donovan, and Burns 2001 ).
This paper compares two different but complimentary pathways for improving reading outcomes-through improved pedagogy at the school and through improved school readiness prior to school-by evaluating two randomized interventions in the Kingdom of Tonga. The first intervention, "Come Let's Read and Write" (CLRW) aims to improve reading instruction techniques of 1 st and 2 nd grade primary school teachers. The second intervention supports communities to establish play-based activities (CPBA) for children aged 0 to 5 to improve their readiness to learn at school.
Interventions
The Kingdom of Tonga is a proud country having never lost indigenous power or sovereignty to a foreign power. The archipelago is located within the Polynesian region of the Pacific Ocean; it includes 176 islands covering 718 square kilometers, of which 40 islands are inhabited, although some are very remote. The kingdom is divided into five main island groups: Tongatapu, Vava'u, 'Eua, Ha'apai and the Niuas. The capital of Tonga, Nuku'alofa, is over 2,000 kilometers from its nearest large market, New Zealand, and over 3,000 kilometers from Australia.
The two interventions are funded by the Global Partnerships for Education through the Pacific Early Age Readiness and Learning (PEARL) program. The US$8.5million PEARL program is being executed by the World Bank's Education Global Practice, and aims to support Pacific Island countries and their development partners to build capacity to design, implement, and monitor evidence-based integrated policies and programs that prepare children and their families for 4 primary school and to prepare primary schools and teaching professionals to deliver teaching and learning activities that help students become effective, independent readers. PEARL aims to ensure
(1) that all young children in the Pacific have access to quality early childhood education in their communities, and benefit from programs that promote healthy, stimulating, and culturally relevant experiences that prepare them for pre-primary, primary schooling, and life; and (2) all classrooms in the early grades of primary education are equipped with the knowledge and the resources to ensure young children become literate in a language they are familiar with, and are able to use these skills and knowledge to engage in lifelong learning.
The CLRW intervention is designed to support the development of basic reading skills of young students in grades 1 and 2 of primary education. It includes a combination of activities to promote reading skills at school and at home. The approach aligns key learning competencies in basic reading and writing stipulated in the official Tongan curriculum with a greater degree of clarity on the sequence in which these skills should be taught. This sequencing follows evidence-based pedagogical approaches for improving literacy skills including a focus on phonemic awareness (e.g., understanding of letter sounds) and balanced approaches to literacy learning (August and The CPBA intervention supports communities to establish play-based activities for children aged 0 to 5. The objective of the CPBA is to improve school readiness across a broad range of child development domains including cognitive, socio-emotional and physical development.
Communities play a significant role in the education of their children in Tonga and the Pacific Islands more broadly (Farran 2009; Toganivalu 2008; Huffer 2006; Griffen 2006 after adjusting for socio-economic and demographic differences (Gregory, Harman-Smith et al. 2016 , Hancock, Cunningham et al. 2015 . Playgroups in Australia tend to be small gatherings of parents and young children providing children with opportunities to develop their physical, emotional, social, and language skills. Playgroups also provide opportunities for parents and caregivers to socialize, learn parenting skills, and seek emotional support from one another.
Parent/child interactions are key feature of the Australian community playgroup model.
In Indonesia, community playgroups have also seen a positive effect on child development and later educational outcomes (Brinkman, Hasan et al. 2015; Nakajami, Hasan et al. 2016) . The analyses resulting from the impact evaluation considered not only the sequence of services children enrolled in but the age at which they enrolled and the duration for which they enrolled. The differences in primary school test scores between a child who had no early education exposure and a child who completed a full sequence at the developmentally appropriate age were 0.417 SD in language and 0.427 SD in mathematics -a difference roughly equivalent to an additional 0.9 to 1.2 years of primary schooling (Brinkman, Hasan et al. 2015; Nakajami, Hasan et al. 2016) .
Essentially the results support the benefit of children enrolling in community playgroups prior to progressing to preschool/kindergarten and then onto primary school with pedagogy moving from unstructured play based learning with progressively increasing levels of structure as the child ages and moves in preschool and onto primary school. In Indonesia, playgroups are typically for children aged 3-4 that meet three days per week for three hours each day. They are characterized 6 as play-based learning with a combination of both unstructured and structured play activities, typically facilitated by teachers who have nominal formal early childhood education training.
These community playgroups will often have anywhere between 10 and 40 children in some instances, and have limited parental involvement.
Although there is much evidence to support the importance of early child development (Black, Walker, 2016) and quite a bit of research supporting the benefits of kindergarten and preschool education services (Nores and Barnett 2010) , there is very little research to determine the value of community playgroups as a non-formal alternative to preschool in low resource settings, or as an additional important step in the transition for children from the family home environment into the preschool/schooling system. Considering the limited research to date and the differing modalities of delivering community based playgroups this randomized evaluation adds significant value to the nominal literature to date. The need for such research has recently been called for in the most recent series from the Lancet on the importance of Early Child Development (Dhu, Tomlinson et al. 2016; Shonkof, Radner et al. 2016 ).
Design
Both the CLRW and CPBA interventions were randomized in order to evaluate their impact on early literacy and school readiness outcomes. Under the CLRW design, 37 primary schools were randomly selected into the treatment group while 36 primary schools were randomly selected into the control group. Selection was stratified by island group, school ownership (public or private), whether the school received students from communities included in the CPBA intervention, and the number of children in the first 6 grades. Not all schools were eligible to be selected into the control or treatment groups: two other primary school interventions were being piloted in several schools which are excluded from the evaluation's population. This includes all schools on the island of 'Eua. Figure 1 depicts this evaluation design.
For the CPBA intervention, communities were randomly assigned to a treatment group that received support to establish a CPBA or a control group that did not receive this support. Fortyfive communities consisting of 59 villages were selected to receive the treatment, while 45 other communities were selected as control group communities. Assignment was explicitly stratified by 7 island group and implicitly stratified by a measure of average school readiness derived from a previous survey 2 of children ages 3 to 5 years, using the cube method by Deville and Tillé (2004; . At the community level, the intervention consisted of support to communities to establish a CPBA and, if they did so, continued support and supervision. Whether or not a community established a CPBA and whether or not parents send their children to attend a CPBA is voluntary and not randomized. Consequently, the impact evaluation design follows an intent-to-treat approach using the randomized assignment of communities as an instrument; this assignment is depicted in Figure 2 .
In February, 2016, the Tonga Early Grade Reading Assessment was conducted, assessing reading outcomes for 1 st and 2 nd grade students. February is the beginning of the school year; in this dataset, a subset of 2 nd grade students were exposed to the CLRW intervention in the previous year while a subset of 1 st grade students were exposed to the CPBA intervention in the previous year.
Consequently, it is possible to utilize the randomized assignment of the two interventions to measure their impact on reading outcomes, as depicted in Figures 1 and 2 for the CLRW and CPBA, respectively.
Both interventions are randomized at the cluster-level (school or community) rather than the individual (student) level, and the number of clusters is relatively small. Recent research in the medical evaluation field has contended with poor balancing between treatment and control groups due to cluster randomization and the subsequent potential for poor inefficient estimates of impact (van Marwijk et al. 2008; Xu and Kalbfleisch 2010; Ravaud et al. 2009; Roux et al. 2011; Taft et al. 2011; Schwartz et al 2015; Leyrat et al. 2016) . Leyrat et al. 2013 use a Monte Carlo simulation to assess different methods to address poor balancing in cluster randomized trials; following their work, this paper includes two additional methods to measure the impact of the interventions that account for poor balancing between treatment and control groups: linear regression and propensity score weighting.
For the CLRW intervention, all methods of measuring impact reveal that the program has a substantial impact on reading outcomes. For example, treatment school students perform 0.56 to 8 0.67 standard deviation higher on initial sound knowledge, depending on the method to measure impact. For letter sounds knowledge, estimates of impact range from 0.59 to 0.75 standard deviation. Impacts were lower on other reading domains with most between 0.2 and 0.3 standard deviation. Only letter knowledge did not reveal any clear impact; however, both the treatment and control groups tend to have high scores on this domain.
For the CPBA intervention, a substantial impact is measured for some of the estimation methods but not all. By design, estimating the impact of the CPBA follows an intent-to-treat approach where the randomized assignment of treatment and control communities is used as an instrumental variable for CPBA attendance. This provides a valid estimate of the impact of the CPBA intervention as long as the difference in reading outcomes between students from treatment and control communities can be attributed solely to the CPBA intervention. This identifying assumption is discussed in detail below. Using this approach, the impact of being in a CPBA is significant for several reading domains and ranges from 0.14 to 0.36 standard deviation when accounting for differences in student and school characteristics; no impact is found without accounting for these differences.
Accounting for differences in student and school characteristics between students from CPBA treatment and control communities is necessary because of an important data limitation. For just under half of the students in reading assessment, the community they lived in previously was not collected; consequently, whether these students were in the treatment or control group is unknown
and cannot be used in the analysis. This creates differences in student and school characteristics between treatment and control groups; although, there is no systematic pattern of whether known treatment group students have "better" characteristics than those known to be from the control group. In subsequent rounds of the early grade reading assessment, the community a child lived in previously will be collected more carefully.
Comparing the two interventions, the CLRW intervention yields higher impacts on reading outcomes than the CPBA intervention. The CLRW intervention is more expensive per student than the CPBA; per dollar, the CPBA intervention yields comparable or higher impacts on reading outcomes than the CLRW. However, the impact of the CLRW intervention on reading outcomes 9 is more certain than that of the CPBA intervention. A positive impact on reading outcomes for the CLRW intervention is found for all but one reading domain using all four estimation methods. For the CPBA intervention, positive impacts are found on fewer reading domains and only when accounting for differences in student and school characteristics between treatment and control group. The impact of the CPBA intervention also relies on certain identifying assumptions that are discussed more thoroughly below.
Model
Reading outcomes, yij, for student i at school j are modeled as a linear function of treatment tij, a vector of observed school and student covariates, xij, a class random effect, j, and individual residual, ij:
If treatment tij is randomly assigned then it is uncorrelated with xij, j, and ij and can be estimated as a univariate linear regression model as
or as univariate linear regression model with random effects as
where = 2 . In order to estimate the causal impact of the treatment, the following assumption must hold:
Assumption 1 (no confounding variables): Cov{tij,uij} = 0
At the population level, this assumption holds by virtue of the treatment being randomly assigned.
However, it is possible to draw a sample that is unbalanced which results in an estimate of impact much different than the true impact. This is especially true when social units are randomized (e.g., school and communities) rather than individuals; it is not possible to balance all characteristics of individuals by design.
In the medical research literature, where the unit of randomization has been clinics or hospitals, several methods have been used to account for observed or presumed poorly balanced control and treatment groups. For example, Leyrat et al. 2013 assess different methods for estimating the impact of a treatment when treatment and control samples are unbalanced using Monte Carlos simulations. This paper adopts two of their methods that were shown to reduce bias and provide a more efficient estimator: including covariates as a linear regression and propensity score weighting (Hirano and Imbens 2001) .
Including covariates as a linear regression is equivalent to estimating equation (1). Propensity score weighting first requires estimating the probability of an individual being selected into a treatment or control group. While the true probability is known by design, the estimated propensity score is used to weight the variables to provide a more efficient estimate of impact:
where P denotes probability and  is the cumulative standard normal distribution. Treatment group observations are weighted as where ̂ denotes predicted probability. This weighting scheme places a higher weight on students with characteristics that are under-represented in the treatment group and over-represented in the control group and vice versa, in order to balance the sample on observed characteristics.
Estimating equations (1), (2) or (3) is suitable for measuring the impact of the CLRW program on student reading outcomes as well as the impact of a student's community being included in the treatment group, but it is not suitable for measuring the impact of actually attending a CPBA. The reason is that CPBA establishment and attendance is voluntary: communities may or may not establish a CPBA, and, if they do, children (or their parents) self-select into attending the CPBA.
The possibility of selection bias cannot be ruled out.
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Consequently, an instrumental variables approach is used to measure the impact of CPBA.
Whether a child attended a CPBA, cij, is modeled as a linear function of the assignment of the community treatment, tij and individual disturbance, vij
Based on an estimate of (3), the predicted value of cij, denoted ̂ is substituted for tij in equation (1), (2), and (3) to give
The key assumption for identifying the causal impact of attending the CPBA by estimating equation (2 / ) and (3 / ) is Assumption 2 (exclusion restriction): Cov{tij,u / ij} = 0 and Cov{tij,j} = 0
This assumption implies that being in a treatment community but not in a CPBA has no impact on a student's reading outcomes. The plausibility of this assumption is discussed in the conclusion.
To measure the impact of the CLRW and community interventions, equations (1), (2) and (3) are estimated as well as equation (3) with propensity score weighting. To measure the impact of the CPBA intervention, equations (1 / ), (2 / ) and (3 / ) as well as (3 / ) with propensity score weights are estimated.
Data
The Tonga Early Grade Reading Assessment (TEGRA) was conducted in February 2016 for students in grades 1 and 2. For second grade students, the survey was stratified by school, grade, class and gender; for first grade students, the survey was additionally stratified by whether or not a child attended a CPBA within gender. All first and second grade classes in Tonga were included in the survey with the exception of the schools belonging to the Church of Jesus Christ of Latterday Saints. Students were randomly selected from within each stratum with a target of 20 children per class. Data on which village the child lived previously was collected from 1 st grade students to identify those in the control and treatment group; however, there was significant non-response. Tables 1 and 2 present the sample and number of students by control and treatment group for the different interventions. Of the 2,005 first grade students, 497 previously lived in a treatment community and 379 in a control community; the previous community is unknown for 851 students.
140 students attended a CPBA, 8 of which lived in a non-treatment community previously; this is assumed to be an error in the community in which the child previously lived as no CPBAs had been established in non-treatment communities. For second grade students, 609 attended CLRW treatment schools and 542 attended CLRW control group schools.
TEGRA measures reading ability across 12 different domains. Four domains measure dictation ability, and these four domains have been combined into one domain measured as the percent correct of all items in these domains for this paper. The number of items is small in each of these four domains. The estimated mean score for the resulting 9 domains are presented in Table 3 for grades 1 and 2.
In order for equations (2) and (3) to provide unbiased estimates of impact, the no confounding variables assumption (Assumption 1) must hold. To detect possible confounder variables, the means of the background characteristics of the treatment and control groups are compared as well as how they relate to reading outcomes. A likely confounding variable is any that is associated with being in a treatment or control group as well as associated with reading scores. Table 4 presents the difference in background characteristic by the CLRW treatment and control groups. For several, there is a statistically significant difference suggesting that a difference exists between the treatment and control populations which the treatment and control samples represent.
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Children in the CLRW schools are more likely to read aloud at home and more likely to be read to at home, though the differences are small. There is a large difference between the proportion of 2 nd grade students in single grade classes; control group students are 12.6 percent more likely to be in a single grade class. While equal balance between the treatment and control populations cannot be ruled out for the other characteristics, large differences can also be ruled out as well.
The exception is the average number of 1 st and 2 nd grade students in the student's school: one cannot reject with confidence that the mean difference is 0 between treatment and control groups nor that the mean difference is 26. Table 5 compares the data's student and school characteristics between treatment and control groups for the community playgroup intervention. Students from treatment communities were more likely to attend preschool, less likely to have been read to at home, attended a smaller school, and were less likely to be attending a non-government school. Note that these student and household characteristics are observed after assignment to the treatment and control group.
Whether these differences in student and household characteristics are a result of treatment assignment is discussed below as well as the implications.
Balancing by island group is presented in Table 6 . Both the school and community interventions assignment of treatment were stratified by island group. For the CLRW intervention, none of the differences in composition of island groups between treatment and control groups are statistically significant. However, because of the non-response of previous community, a statistically significant, higher proportion of students from treatment CBPA communities come from Vava'u and a lower proportion from Tongatapu.
To identify variables that may confound the estimate of the impact of the CLRW intervention, Table 7 presents the association between each background variable and reading domain score.
Each figure is the coefficient for the denoted variable estimated using a univariate regression with the denoted variable as the independent variable and test score as the dependent variable. As depicted in Table 7 , being female is positively associated with reading outcomes as is having
parents interested in what the child learned during the school day, and reading at home. Being in a single grade class as well as being absent is negatively associated with learning outcomes. Three 14 of these variables are also significantly different between the CLRW treatment and control groups and therefore likely confounders: being read to at home, reading aloud and being in a single grade class.
To identify variables that may confound the estimate of the community-level intervention, Table   8 presents the association between each background variable and reading domain score. Being female, reading aloud at home, being read to at home are each positively associated with reading score; being absent is negatively associated. Several other variables have a mix of positive, negative or no conclusive association with learning achievement. Several variables emerge as likely confounders for measuring the impact of the community intervention: attending preschool, being read to at home, attending a non-government school and size of the school.
Tables 9 and 10 present the mean reading scores in standard deviations for each island group for the 2 nd grade students in a CLRW treatment or control school and for 1 st grade students in a treatment or control community, respectively. Both depict large differences in achievement between island groups. For the CLRW intervention, treatment and control groups appear to be balanced (by design) on representation from island groups. For the community intervention, because of non-response to which community the child lived in previously, the island group variable is a likely confounder.
Results
The above analysis identified potential confounding variables for both the CLRW and community intervention. Following the methodology of Leyrat et al. (2013) , this section presents estimates of equations (1), (2), (3) and (3) with propensity score weighting in order to estimate the impact of these two interventions. All variables included in the previous tables are used as covariates for calculation of the propensity score and estimates of equation (1). For all estimates, data are weighted according to the inverse of their selection probability (multiplied by the propensity score weighting when applicable) and standard errors are estimated robust to clustering at the school level for the CLRW intervention and at the community level for the community intervention. The difference method refers to equation (2), the difference with class random effects refers to estimates of equation (3), with random effects refers to equation (1) and with propensity score weights refers to equation (3) with propensity score weights. For all domains and methods except for letters correct per minute, the effect of the CLRW intervention is substantial. The highest impacts were among the initial and letter sounds; ranging from 0.56 to 0.75 standard deviation depending on the method. For other domains, impacts were large, mostly around the 0.2 to 0.3 standard deviation range. Table 12 measures the difference in effect between boys and girls. These are estimated by modifying the estimation equations to include a binary variable for gender and an interaction term for treatment and gender. For nearly half of the domains and estimation methods, a gender difference in effect is found. In some cases, these benefit boys more (negative values) and in other cases, they benefit girls more (positive). For example, the intervention tended to impact girls more for the initial sounds and letter sounds domains and boys more for familiar word, unfamiliar word and oral reading fluency. Differences range from 0.15 to 0.2 standard deviation.
The impact of the community intervention on reading outcomes is presented in Table 13 . This is the impact of being in a treatment group community (not for attending a CPBA which is described below). Only in two of the estimates of the impact using the difference between treatment and control groups (equation 2) and that with class random effects (equation 3) are found to be significant; a positive impact for listening comprehension and a negative impact for dictation.
When adjusting for the covariates (either estimating equation 1 or with propensity score weighting), positive impacts are found for most domains.
Gender differences in impact of the community intervention are shown in Table 14 . The community intervention tends to have a stronger impact for boys than girls on unfamiliar word knowledge and oral reading fluency. For most domains, however, no gender difference is detected.
The impact of being in a treatment community is small as shown in Table 13 ; however, if assumption (2) holds and this difference can be exclusively attributed to being in a CPBA, then attending a CPBA yields large impacts. When controlling for covariates using either method, positive impacts are found for letter knowledge, letter sounds, familiar words, reading and listening comprehension. Effect sizes range from 0.14 to 0.36 standard deviation.
Cost effectiveness
In order to compare the impact of both interventions, this section presents their impacts in standard deviations per 100 dollars. Table 16 states the estimated annual operating cost of both the CLRW and CPBA interventions, based on the actual expenditure during the first year of the intervention.
The CLRW costs include materials produced for the school year, teacher training workshops, mentoring and supervision visits as well as the time of consultants and government staff in running the program. It excludes one-time costs related to the design of the program and design of materials. The total estimated operating cost for CLRW is 255,436 USD or 183 USD per student.
The CPBA costs include training for facilitators, supervision costs, and the costs of consultants and staff to provide training and supervision. The costs exclude start-up costs provided to communities as these are incurred only once. They also exclude any materials provided by communities as well as the opportunity cost of the volunteer facilitators; however, this latter cost is quite small as volunteers spend about two hours per week. The total number of children participating in CPBAs for the costing period is 814, and the intervention cost 104 USD per child.
The estimated impacts of the CLRW intervention in standard deviations per 100 dollars are listed in Table 17 . These are the same data presented in Table 11 , but divided by the cost per child and multiplied by 100. Impact of the program per 100 dollars spent ranges between 0.3 and 0.4 standard deviation of initial sounds and letter sounds, and 0.1 to 0.2 standard deviation for the other domains where a positive impact is found. Table 18 presents the impact in standard deviations per 100 dollars for the CPBA intervention; this is based on the results presented in Table   15 . Impacts range from 0.1 to 0.3 standard deviation using the balancing methods and for which statistically significant impacts are found.
Conclusions
With the exception of letter knowledge, the CLRW intervention has a substantial impact on children's reading outcomes. The lack of impact on letter knowledge is not surprising given that it is a basic skill which 2 nd grade students would know well already. An interesting pattern emerges when gender differences are measured. There is evidence that the CLRW is having a different effect on girls' and boys' reading outcomes on some domains, depending on the estimation method. Boys have lower reading outcomes than girls in all domains according to Table 3 except for listening comprehension; if the impact were to benefit boys as it seems to for familiar words, unfamiliar words and oral reading fluency, then this would suggest that the program helps close the gender gap in reading skills. Alternatively, if the program benefits girls more, as is the case for initial sound knowledge, then it may be exacerbating the gender gap.
Drawing conclusions on the impact of attending a CPBA is complicated by the identifying assumption. First, the exclusion restriction-that the impact of being in a treatment community is exclusively due to attending a CPBA-must hold in order to attribute causality. How plausible is this assumption? The CPBA is a community run and financed intervention, so community leaders (town officers, local education officials, etc.) motivate community members to provide volunteers and attendance. This may raise the profile of supporting education for young children. From the comparison of background variables in Table 5 , treatment communities were more likely to send their children to preschool but also less likely to read to their children at home. Note that it is not possible to test empirically whether the exclusion restriction assumption holds; qualitative work would be useful for understanding the pathways and extent to which the community intervention could affect reading outcomes.
While the evidence of the impact of the CLRW intervention is stronger than that of the CPBA, the That the CPBA intervention is able to produce impacts comparable to the CLRW intervention in several reading domains (when adjusted for per child cost) highlights the importance of school readiness interventions for improving early literacy outcomes. The CLRW intervention is designed to target the reading skills measured in the early grade reading assessment; a substantial impact on these skills is in some sense not surprising. That CPBA can improve early literacy outcomes confirms the importance that school readiness has for a student's ability to learn in a school environment and may be as important as pedagogy, at least in some measures.
The objective of the broader PEARL program is to identify, pilot and evaluate interventions that may boost early literacy outcomes and school readiness. These initial findings demonstrate that both interventions as implemented are effective at improving early literacy. The randomized assignment of the CLRW treatment to schools ensures that the measures of its impact are the causal impact of the intervention. Using the randomized assignment of support to communities as an instrument for the CPBA intervention also provides a causal measure of impact as long as the identifying assumptions described above hold. These initial findings provide credible evidence that both programs have a positive impact on children's early literacy outcomes and would have similar impacts if scaled up.
These findings also contribute to a growing body of research on the impact of reading instruction interventions that are research-based. They also provide for the first time, to the knowledge of the authors, a measure of the impact of community playgroups on literacy outcomes. Further data collection is planned in Tonga, including follow-up early grade reading assessments and a survey of school readiness for children aged 3 to 5. The early grade reading assessment will enable comparing the interaction between both interventions which was not possible with the latest data set. In addition, a scaling exercise is currently underway which will provide comparable measures of reading outcomes from the preceding early grade reading assessment in 2012. The upcoming school readiness assessment will enable measurement of the impact of the CPBA intervention on school readiness more broadly, including cognitive, socio-emotional and physical development.
Additional research is needed on the applicability of these interventions not only in other countries in the Pacific, but also the developing world. The CLRW intervention is likely replicable in many contexts, as it can be implemented by education providers. The CPBA intervention is more nuanced, as it relies on community social capital to be successful; however, numerous examples exist of community playgroups and other community-based approaches to health elsewhere. Standard errors noted in parenthesis; no differences are statistically significant at the 10 percent level. -0.023** (0.01) Standard errors noted in parenthesis; significance at the 10, 5 and 1 percent levels denoted by *, **, *** respectively. 
